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Abstract: Over the past decade, Chinese exports have boomed, increasing far faster than
GDP growth. What can account for this explosion? Our paper uses finely detailed
Chinese export data (8-digit HS codes) combined with U.S. trade data to explore this
guestion. Although exchange rate policy clearly boosted the trade surplus, and the
structure of the economy, e.g. abundant cheap labor, encouraged investment, these alone
cannot account for the changing composition and acceleration of exports. We find that
the growth in exportsis most likely a product of effective Chinese industrial policy and
fortuitous timing. The detailed trade data reveal that key “new” technology goods, such
as cell phones, LCD screens, and laptops played acritical role.

Finally, we use the data to examine the relationship between Chinese exports and global
manufacturing, in particular U.S. manufacturing employment. We find that increased
Chinese competition in both domestic and U.S. export markets likely lowered U.S.
manufacturing employment between 2000 and 2007. Chinese policy is not, however,
wholly responsible. Some job losses, such asin textile production, were no doubt the
result of China s natural comparative advantages, while other U.S. job losses are
attributable to relatively low investment and slow GDP growth in the United States
following the 2001 recession.
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INTRODUCTION

Between 2000 and 2007, the value of Chinese exports more than quadrupled and
rose from 20 percent to 35 percent of GDP (Figure 1). Imports failed to keep pace and
the Chinese economy became more dependent on external demand; the current account
surplus, mirroring the trade surplus, ballooned from less than 2 percent of GDP to a peak
of 10 percent.

Figure 1. Chinese Export Boom

The Value of Chinese Exports More than Quadrupled Between 2000 and 2007

Between 2000 and 2006, exports as a fraction of GDP rose 15 percentage points.
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Although other economies have had success utilizing an export-led growth
strategy, such successin acountry of China s sizeis unprecedented. In 2009, China
became the largest global exporter and in 2010 passed Japan as the second largest
economy in the world.* How was China able to accomplish thisgoal? In this paper, we
use finely detailed trade data to differentiate amongst the various reasons given for
China s rapid growth of exports. The reasons for China s success also shed light on the
effects China's export boom have had on the manufacturing sectors of other countries.

The data make clear that no one story, such as an undervalued exchange rate, can
explain the surge in growth, as the growth was concentrated in specific sectors—
textiles/apparel /furniture, metals (steel), and machinery—and within the machinery
sector, growth was highly concentrated in specific products. Thus to answer the question
of why exports boomed, one must answer why these particular sectors and products
experienced outsized growth relative to others.

Textile and apparel producers benefited from the expiration of restrictive trade
agreements, and these sectors along with furniture producers were also disproportionately
aided by China’'s entry into the World Trade Organization, which allowed the country to
take greater advantage of its vast pool of low-skill labor. Heavy industry, such as steel
production, benefited from energy and capital subsidies, aswell asfrom reform of state-

! Exports and GDP measured in U.S. dollars at market exchange rates.
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owned-enterprises (SOES), whose new profitability translated into a rapid expansion of
capacity.

A key contribution of this paper isto shed some light on machinery exports.
Aggregate trade data show that machinery exports accounted for ailmost half of Chinese
export growth between 2000 and 2007. This has been cited by some as evidence of
Chinese mercantilism, under the assumption that a developing country isunlikely to be
an exporter of capital goods without official support. However, the highly disaggregated
Chinese trade data, compiled by hand for this paper, show that the growth of Chinese
machinery exports was concentrated in afew specific high-tech goods—cell phones,
LCD displays, laptops, and integrated electronic circuits—not the prototypical examples
of capital goods.

Although, we attribute some of the success of Chinese high-tech exports to
industry-specific supports, such as the establishment of science parks, China' s export
boom likely would not have been achievable without a healthy dose of good luck in terms
of timing. Globa demand skyrocketed over this period for products based on these
technologies, and Chinese producers were particularly well placed to take advantage:
China s own domestic market became a key source of demand; labor costsin neighboring
high-tech producers were on the rise; and, investment in the West, particularly in the
high-tech sector, was severely impaired from the 2001 recession.

As Chinese exports surged, we find that China’ s gainsin global manufacturing
came primarily at the expense of advanced economies, with the U.S. share falling the
most. As part of our examination of the effect on the United States, we look at
manufacturing employment and conclude that the rise in Chinese exports led to some
employment losses in certain sectors, but subpar GDP growth and investment were the
principal factors behind the lack of arebound in manufacturing employment following
the 2001 recession.

The welfare implications for the United States of the increase in Chinese exports
is beyond the scope of this paper, but it isimportant to note that it is not at all clear that
the costs outweighed the benefits. The cost in loss of jobsis obvious, but the benefits
included lower prices, more rapid adoption of new technology, and efficiency gains from
the removal of trade barriers and through increased competition.

The paper isorganized in 4 sections. Section 1 gives some background on the
evolution of the Chinese economy and the factors that led to the boom in exports. This
section examines Chinese exports at the readily-available 2-digit level of the Harmonized
Commodity Description and Coding System (HS), which has been adopted by most
countries. Section 2 uses 8-digit HS codes to delve further into the details of Chinese
trade. Section 3 examines other countries' manufacturing sectors over the period, with a
focus on the United States. Section 4 speculates on the implications of our research for
the prospects of future Chinese export growth following the 2009 financial crisis.
Section 5 concludes.



SECTION 1: THE GROWTH OF CHINESE EXPORTS: AN INITIAL LOOK

In the three decades since economic reforms were enacted in the late 1970s, China
has experienced a remarkable period of consistently robust economic growth, with real
GDPincreasing 23-fold since 1977. The composition of growth, however, has evolved
away from consumption over this period. Household consumption fell from an already
low 50 percent of GDP in the early 1980s to around 35 percent by the mid-2000s as
investment soared and the economy became more export-oriented. This process
accelerated significantly at the start of the new millennium. In 2000, China s exports,
measured in dollars, were athird of those of the United States and around half of those of
Japan and Germany. By 2009, China had become the largest exporter in the world.

Figure 2 sets the stage by showing, even at afairly aggregated level, that Chinese
exports growth was relatively concentrated in afew sectors. This growth was dominated
first and foremost by machinery exports (HS categories 84 and 85), which accounted for
about 45 percent of export growth. Textiles/furniture and metals accounted for
15 percent and 11 percent, respectively. Therest of this section examines each of the
major categories of Chinese export growth.

Figure2: China sExport Growth is Concentrated in a Few Sectors

China's Trade Boom is Dominated by a Few Classes of Goods
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Textile, Apparel, and Furniture Exports”

These categories of exports grew 220 percent from 2001 through 2007. No doulbt,
trade policy was a primary cause. Prior to China s entry into the World Trade
Organization (WTO) in December 2001, Chinafaced prohibitive tariffs and constraining
guotas in textile/apparel and furniture markets. The production of these goodsis

% This section includes HS categories 42, 51, 52, 58, 60, 61, 62, 63, 64, 94
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intensive in low-skilled labor, an areain which China has an obvious natural comparative
advantage.

Until 2005, Chinese exports of apparel and textiles were limited by a series of
gradually less constraining multilateral agreements—the Multifiber Arrangement (MFA,
through 1995) and subsequently the Agreement on Textiles and Clothing (ATC).

Without these agreements, China s enormous supply of cheap labor likely would have led
to amuch larger share of the global market earlier. Indeed, Brambilla et al. (2009) found
that China was constrained more than any other nation by these agreements.
Consequently, when the MFA expired, textile and apparel export growth from Chinarose
rapidly, and surged further with the expiration of the ATC. As China gained market
share, exports from most other regions declined.

Figure 3: U.S. Furniturelmports (HS 94)

U.S. furniture imports more than tripled from 1996 to 2007.
China's share rose from 20 percent to SO percent
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Chinese furniture exports (HS 94), began to increase rapidly back in the early
1990s and accelerated in the 2000s. Some of this production was shifted from Taiwan,
which accounted for alarge share of global furniture exportsin the early 1990s. By
2007, Taiwan’'s share of U.S. furniture imports had fallen to 2 percent and Chinawas by
far the largest source.

Metals®

By 2000, Chinawas already the largest producer of steel, but output was only
25 percent higher than either Japan or the United States (Figure 4). But by 2009, China
was producing 6%z times more steel than second place Japan and almost 10 times more
than the United States, each of whom have experienced large declines in steel production

% The metal's section includes HS categories 28, 72, 73, 74, 76, 79, 83.
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since the beginning of decade.* Overall, Chinese metals exports grew 630 percent from
2001 through 2007. Why would a developing country with an enormous supply of labor
experience some of its greatest export growth in acapital and energy intensive industry?

Figure4: Global Steel Production

Steel Production Growth Outside of China was Negligble Between 2000 and 2007

China's share of global production rose from 15 to 45 percent.
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Source; Steel Statistics Y earbook 2010.

First, energy prices were heavily managed by the government and significantly
subsidized. Asthe 2006 U.S. Manufacturing Energy Consumption survey confirms, steel
and aluminum production are among the largest industrial energy consumersin terms of
energy per dollar of value added.”> Second, the cost of capital for SOEs, which dominate
China's heavy industry, was extremely low. SOES had ready access to bank borrowing at
low interest rates because of implicit government backing. Third, the SOEs made
substantial strides in improving efficiency and lowering costs. Hsieh and Klenow (2009)
estimate that improvements in resource allocation account for about 2 percentage points
per year of Chinese total factor productivity growth between 1998 and 2005.

Reform of the SOEs began in the mid-1990s and dismantled the “iron rice bowl,”
the system of housing, pensions, and health care that accompanied SOE employment. As
aresult, the SOEs, which were money-losers in the decades prior to reform, began
earning substantial profitsfor the first time. Since SOEs did not pay dividends to the
government, they piled up retained earnings and generally had few options but to reinvest
the earnings in expanding capacity. Thisfed acircle in which profits led to greater
capacity and still greater profits. From 1995 to 2000, China's steel industry averaged
$400 million in annual operating profits and crude steel production rose at an average
pace of 6 percent per year. Beginning in 2000, profits and production began to rise
rapidly in tandem—profits climbed from $2 billion in 2001 to more than $21 billionin

“ Based on data from the World Steel Association (www.worldsteel.org), Steel Statistical Y earbook 2009.
® http://www.eia.doe.gov/emeu/mecs/mecs2006/2006tables.html (Tables 1.1 and 6.3)
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2007, and crude steel production rose at an average annual rate of 25 percent. Given the
incentive structure, i.e. subsidized inputs and political approval of output growth, this
reinvestment was optimal from the perspective of Chinese steel producers. Domestic
demand could not absorb this massive production growth and China went from being a
net importer of steel, as late as 2004, to the largest net exporter in the world.

Machinery®

This category of exports grew 520 percent from 2001 through 2007 and, as noted
earlier, accounted for roughly 45 percent of China’stotal export growth. A wide range of
economists have attributed much of these gains to China s most visible trade policy, its
exchange rate regime. For much of the decade, the renminbi was pegged to the U.S.
dollar, and, as evidenced by China s massive accumulation of foreign exchange reserves,
authorities have intervened heavily to keep it from appreciating. But the detailed trade
data, discussed in the next section, indicate that this was likely not the primary factor in
the growth of China’s machinery exports as growth was concentrated in afew select
products, whereas the exchange rate would be expected to have a broader effect by
lowering the prices of Chinese goods generally.

SECTION 2: Machinery Exports: The Devil in the Details’

In order to understand the growth of Chinese machinery exports, we now turn to
the detailed trade data. Figure 5 shows exports of the machinery categories and the
optical category (HS 90) at the 4-digit level; on the left is data for 2002 and on theright is
datafor 2007. Asthefigureillustrates, growth in the machinery categories was highly
concentrated in high-tech goods. Digging even deeper, the 8-digit categories, shown in
Figure 6, reveal that the growth of machinery exports was dominated by four products—
cell phones, liquid crystal displays (LCDs), integrated electronic circuits, and laptops—
which together accounted for more than athird of the growth.

This concentration of export growth argues against China s exchange rate regime
playing the major role. The exchange rate should have a more-or-less even handed
influence across China s export industries, as all goods are made relatively cheaper, and
therefore it is not a plausible explanation for the outsized growth of particular categories.
Instead, the influence of the exchange rate can perhaps best be seen in the wide range of
smaller barsin Figure 4. Most subcategories of machinery exports increased
significantly over the period, but their growth was dwarfed by afew categories for which
we have special stories. For thisreason, we believe papers that explain Chinese trade
using more aggregated data, such as Ahmed (2010), Marquez and Schindler (2007), and
Thorbecke and Smith (2010) likely overestimate the importance of the exchange rate.
But even using the relatively high elasticities common in the literature, the exchange rate

® The machinery section includes HS categories 84 and 85.
7 In this section we use data from the China Customs Statistical Y earbooks for 2002 and 2007.
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Figure5: Within 4 and 8 Digit HS Categories Exports ar e even mor e Concentrated

Exports of Reactors, Boilers, Mach., & Appliances (HS Code 84) in 2002.
In 2002, laptops made only a small part of HS Code 8471. Desktops were large.

Exports of Reactors, Boilers, Mach., & Appliances (HS Code 84) in 2007.
Laptops now dominate HS 8471.
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Figure 6. A Glanceat the 8-Digit Data
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Laptop exports account for almost all of 8471 exports.
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would still account for only a minority of machinery export growth over the period. For
example, assuming the renminbi became 30 percentage points more undervalued from
2001 to 2007 and the elasticity of Chinese exports was 1%, then the exchange rate would
have accounted for less than 10 percent of machinery export growth.

For laptops, cell phones, LCDs, and integrated electronic circuits, China became
the dominant global manufacturer and exporter because these products share
characteristics that turned out to favor China. First, they are by-and-large “new”
products. Though laptops and cell phones have been around for more than twenty years,
each succeeding generation incorporates new technologies and production methods.
Hence, there was an opportunity for new participants to enter the market and the need for
established participants to open new facilities. Second, these products require large
capital investments which were likely abarrier to entry for many firms. In particular,
high-tech firmsin the United States, reeling from the dot-com bust and a capital




overhang, were not well positioned to invest. In contrast, Chinese firms and other Asian
firms, several years removed from the Asian financial crisis, were better positioned.
Third, existing production of related technol ogies was dominated by Japan and China's
newly industrialized neighbors, such as Taiwan and Korea, which had historically
dominated China’ s foreign direct investment and where labor costs wererising. Fourth,
there was an explosion in global demand for these products which came to dominate their
broader market categories—computers, phones, televisions and computer monitors.

Fifth, the leader in the booming global demand for these products was China s own
domestic market, where urban disposable income more than doubled between 2001 and
2007.

Reactors, Boilers, Machinery and Appliances (HS 84)

Returning to Figure 5, the top two panels show the 4-digit subcategories of HS 84
in 2002 and 2007, respectively. The top-left panel 1ooks empty using the scale needed to
show the 2007 data, shown to the right. Growth in computers (HS 8471) and associated
parts (HS 8473) dominate, accounting for 52 percent of the total growth in HS 84.

These two categories were the largest in 2002 as well, but the composition of the
computers making up the categories changed drastically over the period. Portable
computers (i.e. laptops) made rapid gains in market share, relative to the traditional
desktop computer, over the past decade. In 2002, laptops accounted for 7 percent of
HS 8471 exports. By 2007, its share had surged to 42 percent. Asshown in the upper
left panel of Figure 6, portable computers (HS 84713000) were by far the largest
subcategory of HS 8471. Similarly, parts and accessories for HS 8471 (HS 8473090)
were the largest subcategory of HS 8473 (top right panel).

Figure7: U.S. Importsof Laptops

Between 2000 and 2007, China became the Dominant Producer of U.S. Laptops
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From 2000 to 2007, during China s export boom, global shipments of personal
computers grew 105 percent, with laptops accounting for 47 percentage points of the
growth.® 1n 2009, portable computers were estimated to have accounted for the majority
of computer shipments for the first time.” At the same time, China became the largest
producer of laptops, surpassing Taiwan, which had accounted for 64 percent of global
laptop production in 2002.%°

The surge in Chinese exports of |aptops was not primarily a case of mainland
production displacing other producers, but this was part of the story. Figure 7 shows U.S.
imports of laptops by country of origin and reflects the move away from Taiwanese
production of laptops to the mainland. 1n 2000, Taiwan accounted for more than
50 percent of U.S. laptop imports, whereas China accounted for less than %2 percent. By
2007, China accounted for 63 percent of U.S. imports of laptops, and by 2009 it
accounted for 85 percent. Indeed, since 2007, Maaysia and China have accounted for
more than 90 percent of U.S. imports of laptops. Nevertheless, through 2007, the value
of non-Chinese imports actually increased as the overall market for |aptops expanded
more rapidly than Chinese imports. Given the price declines in portable computers over
this period, real shipments grew much faster still. According to China s National Bureau
of Statistics (NBS), Chinese production of microcomputers increased from 7 million units
in 2000 to 143 million unitsin 2007.

Government polices helped nurture domestic capabilities in consumer electronics
and other advanced areas that would most likely not have developed in their absence
(Rodrick (2006)). China slaptop industry, for example, was aided by the creation of
“science parks,” the development of which have been instrumental in the surge of
Chinese high-tech exports generally. Although these parks were originally formed to
promote indigenous innovation, they evolved to depend more on foreign investment and
technology transfer. Asnoted in Sutherland (2005), in 2000, the Ministry of Science and
Technology and Ministry of Foreign Trade approved atrial for about athird of the parks
to become “high-technology export bases.” Now, all of the parks have a bias toward this
type of production. Foreign investment is drawn to these parksin particular by
preferential tax policies. In addition, cheaper labor was adraw for high-tech investment,
asin the case for Taiwanese laptop producers. As shown in Figure 8, between 1995 and
2000, Taiwanese labor costs in computer, electronic, and optical manufacturing rose by
more than athird. As high-tech production moved to the mainland, wage growth in
Taiwan slowed. Foreign firms were also drawn to China because of the potentially huge

8 L aptop sales data from Computer Industry Almanac (www.c-i-a.com/pr0707) and Gartner
(http://lwww.gartner.com/it/products/newsroom/index.jsp)

? International Data Corporation (IDC).

http://www.idc.com/getdoc.jsp?sessionl d=& containerl d=prUS22383910

19 http://english.peoopl edaily.com.cn/200401/08/print20040108_132140.htm
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domestic market. The Chinese market soared from 21 million personal computersin use
at the end of 2000 to 86 million in 2007, second to only the United States.™

Chinese laptop exportsillustrate one of the primary points of Amiti and
Freund (2010), the only other paper we are aware of that used detailed Chinese Customs
statistics. Using 6 and 8-digit HS codes, they concluded that Chinese export growth was
mainly accounted for by growth in trade of existing products. Laptops were an existing
product, with the first laptop computers manufactured in the early 1980s. However, new
technology for producing LCD screens, new integrated electronic circuits, along with the
widespread adoption of wireless technology, moved the laptop from a business-only
luxury to a household consumable. In this sense, laptops were a new good in the 2000s.

Figure8: Rising Wagesin Taiwan Led Production to Shift to China

After Climbing Rapidly, Real Wages Stagnated During China's Emeregence
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Electrical Machinery (HS 85)

Electrical machinery exports (HS 85, the middle panels of Figure 5) also grew as
the result of new goods. The growth is not quite as concentrated asin HS 84, but it is still
dominated by three product categories, phones (HS 8517), monitors and televisions
(HS 8528), and integrated electronic circuits (HS 8542). Moreover, the 8-digit data
(bottom panels of Figure 6) show that the growth in these categories was also almost
wholly accounted for by cell phones, liquid crystal displays (LCDs), and microprocessors
and memory. LCD technology also accounted for the majority of the surge in the optical
apparatus (HS 90) category (the bottom panels of Figure 5). Aswas the case with laptops
transforming the computer market, cell phones and L CDs revolutionized the telephone,
television, and computer monitor markets.

! Computer Industry Almanac. www.c-i-a.com/pr0608.htm. www.c-i-a.com/pr0701.htm.
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Cell Phones

Like for laptops, soaring globa and domestic demand fueled China srisein cell
phone production and exports. Global cell phone users rose from about 750 million in
2000 to roughly 4 billion in 2008.? Chinese mobile phone subscriptions rose from
85 million in 2000 to around 550 million in 2007 and 750 million in 2009, the largest
market in the world. Led by Motorola, all of the major multinational cell phone
manufacturers transferred at least some, and in some cases all, of their handset production
to China.®® Although initially dominated by these firms, Chinese companies are gaining
market share both at home and abroad. U.S. trade data reflects the growth of the global
market and China s market share. U.S. imports of telephone sets rose from $12 billion in
2001 to $55 billion in 2007, with China's share rising from 12 percent to 38 percent
(Figure 9). Of this 2007 total, $28 billion were imports of cell phones with China
accounting for half of these.

Figure9: U.S. Importsof Phones™

China's Share of U.S. Imports of Phones Rose Steadily from 2000 to 2007
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Liquid Crystal Displays (LCDs)

The market for televisions and computer monitors experienced a technical
revolution over the past decade. 1n 2000, cathode ray tube (CRT) technology dominated
the two markets. By 2004, LCDs and CRTs each had about half of the global market for
computer monitors, but CRTs still accounted for around 90 percent of the television
market. However, by 2008, L CDs accounted for more than 50 percent of the television
market and, in 2009, around 70 percent.® China's NBS estimates that production of

%2 International Telecommunications Union. http://www.itu.int/en/pages/default.aspx

13« China s Burgeoning Mobile Phone Industry,” China Daily, September 2003.
http://www.chinatoday.com.cn/English/e2003/e20039/9p12.htm

¥ Includes HS 8517 for all years and 852520 for 2000-2006.

> Display Search. http://www.displaysearch.com/cps/rde/xchg/displaysearch/hs.xsl/index.asp
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color televisionsin China doubled from 42 million units in 2001 to 84 million in 2007.
China accounted for only 3 percent of the $8 billion in U.S. imports of televisionsin
2001. By 2007, 39 percent of the $39 billion in U.S. imports came from China
(Figure 10).

Figure10: U.S. Importsof Televisionsand Monitors (HS 8528)

China's share rose from 2 to 42 percent in 2008.
Mexico's share fell from 64 to 46 percent.
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Integrated Electronic Circuits

Although microprocessors and memory have been a part of personal computers
since their introduction in the late 1970s, the rapid turnover of the technology in these
products, with new manufacturing processes required for each successive generation,
makes them similar to “new” products every few years. For example, between 2000 and
2008, there were 4 different production processes, characterized by ever smaller etching
technology, utilized by the main semiconductor manufacturers. Because of the ever-
changing technology and highly specialized processes, the capital requirements can be
enormous. For example, a new semiconductor fabrication plant can cost as much as
$5 hillion dollars, with the equipment and necessary inventory holdings costing billions
more.® To be profitable, the plants need to run at high volumes. According to the NBS,
Chinese production of semiconductor integrated circuits increased from less than
6 billion piecesin 2000 to 42 billion pieces in 2007.

Unlike for the other categories of exports discussed, the United Statesis not one
of the primary markets for Chinese exports of integrated circuits. U.S. imports of
integrated circuits have remained relatively flat since 2002 at around $22 billion, with
China accounting for only $1.4 billion in 2007. Thisislikely because integrated circuits
are an intermediate good, with China primarily exporting them to other countries as a

18 http://spectrum.ieee.org/semiconductors/desi gn/the-new-economi cs-of -semi conductor-manufacturing
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step in the production process; the United States, however, may well be the primary
market for the final product.

SECTION 3: The Effect of the Risein Chinese Exportson Global Manufacturing
From 2000 to 2007, the value added of Chinese manufacturing output more than
doubled in real terms, and its share of world manufacturing rose from less than 9 percent
to 14%5 percent (Figure 11)." This nearly 6 percentage point increase in China's share of
global manufacuring came mainly at the expense of advanced economies. The U.S. share
of world manufacturing fell 2%z percentage points (from 23 percent to 20%2 percent),
Japan’sfell 1%, percentage points, Italy’s and the United Kingdom’ s fell about
1 percentage point, and the shares of Germany, Canada, and France each fell alittle more
than %2 percentage point. Besides China, the only countriesto gain at least %2 percentage
point were South Korea and India.

Figure 11: Changein Global Manufacturing Share, 2000-2007

Chinese manufacturing growth far outpaced all other countries.
Most advanced economies saw signifciant declines.
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Source: United Nations Statistics Division.

The loss of manufacturing shares by the advanced economies was not because
manufacturing output fell, but because it did not grow as fast asin emerging market
economies. Nevertheless, increases in productivity, owing in part to heightened
competition from China, led to declines in manufacturing employment in most advanced
economies. The United States and the United Kingdom led the declines with
manufacturing employment falling by more than 20 percent in the United States and
27 percent in the United Kingdom, despite the fact that manufacturing value added grew
14 percent in the United States and was flat in the United Kingdom. To gain a bettter
understanding of the effect of the rise in Chinese exports on the manufacturing sectors of

' U.N. Statistics. Value-added in U.S. dollars by economic activity at constant 2005 prices.
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the advanced economies, we examine more closely the impact on manufacturing
employment in the United States.

United Sates

The manufacturing sector has been shrinking as a share of the U.S. economy since
the early 1970s, but through 2000 real manufacturing production continued to climb and
employment in the manufacturing sector remained stable except for fluctuations
correlated with the business cycle (Figure 12). However, between January 2000 and
December 2007, manufacturing employment in the United States fell by 3.6 million,
nearly 21 percent, to 13.7 million.

Figure 12: U.S. Manufacturing Employment

Manufacturing Employment Declined Only Slightly Between 1970 and 2000
Employment fell during recessions but then generally recovered
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Source: Bureau of Labor Statistics.

No doubt some of these losses were attributable to the 2001 recession. But as
shown in Figure 13, overall manufacturing job losses during the 2001 recession were not
unusual by historical U.S. standards. The panel plots manufacturing employment in the
months centered around recession troughs (as designated by the NBER), indicated by the
vertical line. The blue line corresponds to the average experience over the post-war
recessions prior to the 2001 recession, which is plotted asthe red line. The pattern of
manufacturing employment was very typical prior to the recession and through its trough,
but atypical from that point onward. In the past, manufacturing employment began to
rebound within 6 months of the trough, but following the 2001 recession, manufacturing
employment contined to fall for 2 years and then only flattened out rather than recover.
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Figure 13: U.S. Recessions and M anufacturing Employment

Manufacturing Employment Did Not Recover as Normal After the 2000 Downturn
Competition from China may have been a driving force.
Index Recession Trough = 100

105

100

95

—Median Manufacturing Employment Pre-2000
Recessions
——Manufacturing Employment 2000 Recession

90

85
-36 -30 -24 -18 -12 -6 0 6 12 18 24 30 36
Months Preceding and Post Recession Trough (0)

Source: Bureau of Labor Statistics, Bureau of Economic Analysis.

To better quantify the different forces affecting U.S. employment, we regress the
log difference of quarterly manufacturing employment on a constant, and the log
differences of U.S. GDP, foreign GDP (weighted by U.S. exports), and investment in
equipment and software (E& S). The right-hand side variables were estimated using third
degree polynomials of four lags. We aso include afirst-order autoregressive error term,
AR(1). Theresultsarereported in Table 1, with the statistics for the sum of the lags
reported for the economic variables. We estimated the equation through 1999:0Q4 in
order to allow for out-of-sample forecasts from 2000 forward, our period of interest.

Tablel
Dependent Variable: Log-difference Manufacturing Employment
Variable Coefficient Std. Error t-Statistic
C -0.015 0.002 -7.747
USGDP 0.604 0.277 2.182
For GDP 0.948 0.256 3.712
E&SInv. 0.112 0.074 1517
AR(1) 0.319 0.096 3.319
R? 0.816
Adj. R? 0.791

* Independent variables are log differences.

The coefficients on the GDP variables are of the expected sign and statistically
significant at the 5 percent confidence level. The coefficient on investment falls just
short of signficance at the 10 percent level. The inclusion of the autoregressive term has
little impact on the coefficients and significance of the other variables asits relatively low
value would suggest. In Figure 14, we show dynamic forecasts of the model through the
1980 and 1990 recessions. The model does avery good job of capturing both the
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contours and levels of employment, despite the very different characteristics of the two
recessions.

Figure 14: Modé Fit of the 1980 and 1990 Recessions
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Figure 15 shows our out-of-sample forecast for manufacturing employment from
2000 through the fourth quarter of 2007. The model matches the general shape of
employment through this period but significantly underestimates the job losses from the
trough of the recession in the fourth quarter of 2001 through the end of 2003.28 It is
important to note that the model shows that even after the recession’s trough, U.S. GDP
and investment growth were not sufficiently robust to prevent afurther declinein
employment over the next two years or a substantive rebound thereafter. We could not
find a domestic macro variable capable of explaining the gap between the model fit and
the data.

Figure 15: Out-of-Sample Forecast of 2001 Recession

Low Investment and GDP Growth Account for Much of the Employment Decline
This outcome may result from Chinese competition but we do not include these in our estimates.
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18 The same exercise done in-sample produces essentially the same resuilt.
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Chinese exports, competing with U.S.-produced goods in the domestic and
foreign markets, likely account for part of this unusual pattern. U.S. job losses were
concentrated in those sectors where Chinese exports grew most rapidly—more than half
of the losses were in the apparel and textiles, furniture, metals, and computer industries
(Figure 16).

Figure 16: U.S. Employment L osses by Industry, 2000-2007

Job Losses were Spread across Every Major Subset of Manufacturing
Textiles and apparel were the biggest losers followed closely by computer manufacturing.
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Source: Bureau of Labor Statistics.

An Examination Industry-by-1ndustry

To quantify the effect of Chinese competition on U.S. manufacturing
employment, we regress the log change in employment on the log change in Chinese
import penetration, the log change in import penetration excluding China, and the log
changein U.S. industrial production. Import penetration is defined as the ratio of imports
to domestic demand, and demand is calculated as industrial production minus the change
in inventories and net exports. The first two columns of the table quantifies the estimated
impact of import pentration on jobs. The number takes the coeficient on the relevant
variable and multipliesit by the change in that variable between 2001 and 2007. The
next four columns give the results of the regressions for the import pentration variables.
Numbers highlighted in bold are statistically significant. Thefirst line of the table shows
the results of apanel regression with industry fixed effects (at the 3-digit NAICS level).
A one percent increase in Chinese import penetration reduces employment across these
manufacturing sectors by almost 3 percent. In contrast, the same increase in imports
from other countries boosts employment by over 8 percent. Both coeficients are highly
statistically significant. Moving down the table, regressions are conducted one industry
at atime. The estimated job |osses are concentrated in three industries. Fabricated metal,
machinery, and computers. These three industries have relatively large coefficients and
were large employersin 2001.

The panel regression coefficient implies that domestic competition from Chinese
exports can account for approximately % million of the 3% million manufacturing jobs
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lost. Thisregression may underestimate the effect on U.S. employment of Chinese
exports by not fully capturing the effect of Chinese competition with U.S. exportsin
foreign markets.

Table2
Cummulative Impact of Import Penetration on Jobs*
Chinese Jobs World Jobs Chinese World Imports
Impact Impact Imports T-Stat ex China T-Stat
Panel Estimate -788 464 -2.89 -2.6 8.39 4.3
Industry Estimates
311 Food 12 -26 1.14 0.2 -7.03 -0.9
312 Bev. and Tobacco 0 -6 4.15 1.7 -8.99 -0.6
313 Textiles 8 4 3.45 0.7 7.82 0.5
314 Txtl. Mill Products -46 9 -34.85 -2.6 15.37 1.0
315 Apparel -25 1 -8.30 -1.3 0.70 0.1
316 Leather -13 4 -50.31 -1.7 19.90 0.7
321 Wood 32 6 10.85 1.4 19.54 7.6
322 Paper -29 3 -8.07 -1.4 5.34 0.7
323 Printed Matter -8 0 -2.14 -0.3 0.02 0.0
324 Petroleum 0 0 0.22 0.2 -2.08 -0.4
325 Chemicals -8 8 -1.66 -0.9 4.62 0.9
326 Plastics 38 -13 8.84 0.6 -7.03 -0.3
327 NonMetal Mineral -16 19 -13.60 -1.8 42.87 6.7
331 Primary Metal -1 18 -0.28 -0.1 8.28 1.3
332 Fabricated Metal -242 155 -29.04 -3.5 41.98 3.9
333 Machinery -123 71 -16.16 -2.5 30.02 3.6
334 Computers -149 39 -13.41 -0.5 16.83 0.8
335 Electrical Equip. -26 47 -11.25 -0.6 30.06 1.5
336 Transportation 24 16 2.28 1.0 17.17 15
337 Furniture -6 13 -2.24 -0.2 17.73 1.0
339 Misc. -18 19 -9.23 -2.9 9.83 2.0

* Percent change in employment to a percent change in import penetration

We attempt to illustrate this competition in Figure 17. Each point of the scatter
plot represents the value of U.S. exportsin 2000 (horizontal axis) and 2007 (vertical
axis). The points are drawn from the 100 largest 4-digit HS categoriesin 2007. We
shaded a point red if that category was also one of the top 50 categories of Chinese export
growth measured in dollars. The red dots primarily fall below the trend line (dashed-red).
Moreover, the red-shaded points that fall below the 45 degree line, indicating that those
categoriesfell in dollar value between 2000 and 2007, are all high-tech goods.

As these high-tech goods evolved rapidly in the 2000s, the United States did not
make the capital investment necessary to maintain its competitive position because of the
bursting of the tech bubble and ensuing recession. In 2002 and 2003, the stock of private
fixed assetsin the computer and electronics industry fell for the first time in the postwar
era. In contrast, Chinese investment in high-tech was soaring. Chinese fixed asset
investment in communications, computer, and other electronics industries doubled
between 2004, the first year of available data, and 2007. Of course, it isdifficult to
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determine whether U.S. investment was lacking because of Chinese competition or
whether the lack of investment opened the door to said competition. But regardless of the
cause, with U.S. manufacturing capacity stagnant, there was an opportunity for Chinese
producers to gain market share, both of the U.S. import market and the global market.

Figure 17: Chinese Competition with U.S. Exports

Chinese Competition is an Excelent Predictor of Slow Export Growth
On average, Chinese competition reduced growth of exports by a factor of 4.
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The welfare implications for the United States of the increase in Chinese exports
is beyond the scope of this paper, but it isimportant to note that it is not at all clear that
the costs outweighed the benefits. Although the loss of manufacturing jobs is obviously
costly to those individuals, the benefits to society included lower prices, more rapid
adoption of new technology, and efficiency gains from the removal of trade barriers and
through increased competition. Kamin et al (2006) estimated that for every percentage
point increase in China s import share, U.S. import price inflation was reduced by about
1 percentage point. According to this estimate, the increase in China simport share
between 2000 and 2007 reduced the 2007 level of import prices by about 8 percent. The
United States also appears to have efficiently reallocated its labor resources, with
economy-wide job growth sufficient to push the unemployment rate in 2007 down to well
below its average of the 1990s and within %2 percentage point of its al-timelow in early
2000, even as the manufacturing sector shed workers.

SECTION 4: Implicationsfor the future

In the aftermath of the global financial crisis, U.S. investment has been lackluster.
Like in the early part of the 2000s, the stock of high-tech fixed capital fell in 2009 and
2010."° This may once again open the door for new technologies to be dominated by

19 Source U.S. Department of Commerce, Bureau of Economic Analysis. Current-cost net stock of private
fixed assets in the computer and electronic products industry.
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foreign producers. The IMF and others project China s trade surplus will again surge.
For example, inits 2011 Article IV for China, the IMF projected that Chinese exports
will more than double from $1.6 trillion in 2010 to $4.2 trillion in 2016. But which
sectors will generate this growth and to whom will these goods go?

For apparel, furniture, and stedl, it is unlikely that Chinawill be able to repeat the
massive surge in exports experienced earlier this decade. China now has a high market
share in these categories and the categories themselves are unlikely to experience
tremendous global growth. For high-tech products, Chinamay be able to repeat its
success, but it will be difficult. For example, China already produces most of the world's
laptops. For some of the products discussed in this paper, there may be some room for
Chinato increase market share further, but China’s ability to gain additional market share
in these now more mature markets, with more established players, isfar from certain.
Although Chinaretains the draw of its huge domestic market, recent increases in wages
have likely eroded, at least to a degree, its cost advantage relative to its neighboring
emerging market economies. When the next product comes along that is adopted quickly
and globally, such as the cell phone, it is not clear that Chinawill be the country best
positioned to dominate the market.

A fina point isthat, no matter the sector, there must be an importer on the other
side of China's exports. If Chinese exportsincrease by $2.6 trillion, then the rest of the
world’'simports must also increase by that sum. This notion often gets swept under the
carpet. For example, the IMF s April 2011 WEO projects the current account surplus of
the emerging and devel oping economies will increase by more than $520 billion between
2010 and 2016 but that the deficit in the advanced economies will increase by only
$200 billion—the majority of the burgeoning surplus in the emerging marketsis added to
the statistical discrepancy.

SECTION 5: Conclusion

This paper examines the underlying causes of China' s rapid growth of exports
over the past decade. An undervalued exchange rate likely contributed to a degree, but
export growth was relatively concentrated in select industries when one would expect the
exchange rate to have a broader impact. Labor-intensive industries such as apparel,
textiles, and furniture, benefited from China sWTO ascension. The apparel and textile
industries saw massive gains following the expiration of multilateral agreements which
had limited China's exports. Capital and energy-intensive industries, particularly iron
and steel, benefited from government subsidies. These industries also benefited from
Chinese reforms that led to state-owned enterprises becoming increasingly profitable.
These profits, retained by the SOEs, resulted in an expansion of capacity and production
beyond the domestic market’ s ability to absorb it.

These explanations, however, can take one only so far, as nearly half of Chinese
export growth occurred in the “machinery” categories. It isonly by examining more
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detailed Chinese trade data that one can see that this growth was heavily concentrated in
afew specific high-tech products—cell phones, laptops, liquid crystal displays, and
integrated electronic circuits. Chinawas able to rapidly increase its exports of these
products because of: industrial policy, such as science parks, that specifically encouraged
these types of exports; an explosion in global demand for these products, with Chinese
domestic demand leading the way; and, finally, asharp fall in U.S. high-tech fixed
investment, which contributed to China s ability to dominate these new technologies.

Further, this expansion of Chinese exports led to a decline in manufacturing share
of the advanced economies, and in many cases a decline in manufacturing employment.
We show that Chinese exports can help account for a significant portion of U.S. job
losses at the industry level, but that macroeconomic fundamentals explain the majority of
the fall in U.S. manufacturing employment between 2000 and 2007. Also, aswe have
noted earlier, quite a number of the jobslost over this period, particularly in the textile,
apparel, and furniture industries, would have moved to China earlier, owing to its natural
comparative advantage in labor-intensive production, if not for protective tariffs and trade
agreements. Chinese industrial policy aided the country’ s exports of high-tech goods, but
Chinawas also able to gain a competitive position in key products because it invested
heavily at atime of burgeoning globa demand for these products and diminished U.S.
investment.
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